Introduction {#sec1}
============

Intracranial penetrating injury through the nose is uncommon.[@bib1] Among these types of injuries, transnasal penetration by a nonmissile foreign body is rare.[@bib2] Cerebrospinal fluid (CSF) leakage after a penetrating skull injury is also relatively rare compared with the incidence after a closed head injury involving a skull base fracture.[@bib3] Transnasal penetrating brain injuries, albeit rare, are a medical emergency and should be treated promptly,[@bib4] whether or not CSF leak is present.

In the present report, we have described a case of traumatic nonmissile penetrating transnasal anterior skull base fracture and brain injury with CSF leakage. We have demonstrated a simple method for intraoperative CSF leak detection and an effective reconstruction procedure for a localized skull base defect using a fat-on-fascia graft (FFG). Both methods are available without any special equipment required to improve the efficiency of reconstructive procedures. Specifically, we have introduced a practical closure method using an FFG plug for a localized skull base defect based on our experience,5--9 especially in the coronavirus disease 2019 (COVID-19) era. The method is simple, inexpensive, and timesaving. It requires no special skills nor sophisticated instruments that can cause aerosolization, reducing the risk of infection during the surgery.

Case Description {#sec2}
================

A 65-year-old man had presented to the emergency department with a 30-minute history of epistaxis and serous rhinorrhea. He had fallen to the ground near his bee boxes. At that time, a garden pole had poked into his right nostril. He had instantly removed the pole from his nostril by himself. Immediately after removal of the pole, he had developed some nasal bleeding and serous rhinorrhea. He had driven to our emergency department by himself because the nasal bleeding and serous rhinorrhea had continued. The patient\'s medical history was unremarkable. He had been in his usual state of good health until the occurrence of this injury. In the emergency department of our hospital, the patient reported no vision changes, diplopia, dysarthria, numbness, tingling, weakness, cough, dyspnea, abdominal pain, vomiting, diarrhea, or dysuria. He had not experienced fatigue, pharyngitis, joint stiffness, joint swelling, or myalgia. On examination in the emergency department, the patient was alert, cooperative, and oriented. His vital signs were normal. His weight was 68.4 kg, his height was 170.2 cm, and his body mass index was 23.6 kg/m^2^. The nasal bleeding and serous rhinorrhea appeared intermittently on exertion. Computed tomography showed pneumocephalus with a minor cerebral contusion in the left frontal lobe and a penetrating injury in the left anterior skull base ([Figure 1](#fig1){ref-type="fig"} ). Symptoms of infection, such as pyrexia, nuchal stiffness, purulent rhinorrhea, or purulent otorrhea, were not observed. As the first step in the treatment of the skull base injury with CSF leak, the patient expressed a desire for conservative treatment.[@bib5] Thus, he was prescribed 1 week of complete bed rest, and piperacillin (2 g 3 times daily) was administrated prophylactically. He declined placement of a lumber subarachnoid CSF drainage tube at the start of the conservative treatment. However, his CSF leakage had not resolved spontaneously within 1 week after the injury with strict bed rest. During the conservative rest therapy, the patient selected endonasal and endoscopic repair as the less-invasive procedure. We presumed that the pole had entered into the right nostril, crossed the nasal septum obliquely, and penetrated the left cribriform plate into the right frontal lobe ([Figure 2A, B](#fig2){ref-type="fig"} ). The direction of the pole penetrating his anterior skull base was identified, which enhanced the surgical reconstruction of the skull base ([Figure 2C](#fig2){ref-type="fig"}). We repaired the CSF leakage using a fat (adipose tissue)-on-fascia autograft plug and caulked the defect in the anterior skull base with the fat-on-fascia graft (FFG) plug through the left nostril with endoscopic guidance ([Figure 3](#fig3){ref-type="fig"} ). The fat and fascia grafts were both harvested from the subumbilical abdominal region. We assembled the FFG plug outside the nostril just before performing the endoscopic-guided caulking ([Figure 4](#fig4){ref-type="fig"} ). Intranasal local application of fluorescein aided in the detection of the flow direction of the CSF leakage ([Figure 3B, C](#fig3){ref-type="fig"}). The CSF rhinorrhea was successfully controlled ([Figure 5B, D](#fig5){ref-type="fig"} ). A lumber CSF drainage tube was not inserted. The patient could walk to the bathroom the day after surgery after an overnight of rest. His activity of daily living had increased enough that he could leave the hospital within 2 days. The sinus balloon was removed at 14 days postoperatively. He left the hospital without sequelae, except for mild sinusitis, which had improved within 3 months after discharge. A follow-up computed tomography scan showed complete reconstruction of the anterior skull base defect even after 6 months ([Figure 6](#fig6){ref-type="fig"} ). The patient had not experienced any relapse of the CSF leak at 16 months after reconstruction using the FFG plug and had completely returned to his responsibilities of beekeeping.Figure 1Multiplanar reconstruction images of cranial computed tomography scan showing (**A**) pneumocephalus and intracerebral air retention in the left frontal lobe and (**B, C**) intracerebral air retention in the left frontal lobe adjoining the cerebral contusion with some hemorrhage present. (**D, E**) The left cribriform was pierced. The pole had penetrated through the left cribriform plate from the left ethmoid sinus to the left frontal lobe.Figure 2The intraoperative findings showed that the pole had (**A**) traveled through the nasal septum from the right to the left and (**B**) pierced the left cribriform place from the left ethmoid sinus to the left frontal lobe (*yellow arrow*). (**C**) The patient\'s wife had brought us the pole that had penetrated the left anterior skull base.Figure 3Intraoperative endoscopic views of (**A**) the left nasal cavity showing perforation of the nasal septum from the right to left; and (**B**) local intranasal application of fluorescein to detect the flow direction of the cerebrospinal fluid (CSF) leakage (*broken straight arrows*). (**C**) The yellowish streams clearly demonstrated the CSF leakage (*broken tortuous arrows*). (**D**) Tracing these yellowish streams determined the origin of the CSF leakage. At the origin of CSF leakage, the damaged brain tissue (*yellow triangles*) and torn dura (*magenta triangles*) had protruded through the perforated cribriform plate. (**E**) A fat-on-fascia graft (FFG) was brought to the skull defect. The fat (adipose tissue) part (*circle*), which had been sewn onto the free fascia graft (*square*), was inserted to the intradural space through the skull defect. The fascia graft (*square*) was constrained by the inserted fat portion (*circle*) and caulked the CSF leak well. (**F**) Another fascia graft was placed to cover the caulking FFG. (**G**) A portion of fat (adipose tissue) was placed on the fascia. (**H, I**) A sinus balloon was inserted and inflated to support the placed FFG through the fat portion.Figure 4A schematic overview showing the procedure we used to caulk a defect in the skull base using a fat-on-fascia graft (FFG). (**B**) A portion of fat (adipose tissue harvested from the abdomen) is wrapped in oxycellulose sheets and sewn onto the free fascia graft harvested from the rectus abdominis muscle to create the FFG. (**C**) The fat part of the FFG is inserted through the bone/dural defect. (**D**) The fat portion should be larger than the bone/dural defect requiring caulking. (**E**) A sinus balloon is inflated to underpin the FFG by mediation of other fat pieces for an equal contact pressure distribution.Figure 5(**A**) The bone/dural defect in the anterior skull base was (**B**) caulked using the fat-on-fascia graft (FFG). The inflated sinus balloon supports the FFG from below. (**C**) The bone/dural defect in the left cribriform plate was (**D**) filled by the FFG.Figure 6(**A,B**) Follow-up computed tomography scans showing persistence of the closure using the fat-on-fascia graft 6 months after treatment.

Discussion {#sec3}
==========

Transnasal intracranial penetrating injury is rare.[@bib6] Transnasal and transorbital penetrating foreign body injuries are relatively uncommon. However, when they do occur, they require rapid workup and interdisciplinary management to prevent acute and delayed complications.[@bib7] We used a FFG plug to repair a localized anterior skull base defect caused by a traumatic nonmissile penetrating injury, which performed well, with long-term stability. Our previous experience[@bib8], [@bib9], [@bib10], [@bib11], [@bib12] and the results from the present report have shown that FFG plugs are effective, inexpensive, safe, and usable for any surgeon without requiring special skills or instrumentation.

In 2020, the novel coronavirus, severe acute respiratory coronavirus 2, and its infection, COVID-19, quickly became a worldwide threat to health, travel, and commerce.[@bib13] International experience with COVID-19 has suggested that it poses a significant risk of infectious transmission to skull base surgeons owing to the high nasal viral titers and the unknown potential for aerosol generation during endonasal instrumentation. Endonasal endoscopic caulking of a skull base defect using an FFG plug is useful for CSF leakage resulting from a localized skull base perforation or penetration defect, especially during the COVID-19 era. The FFG plus is simple, inexpensive, and timesaving and does not require special skills or instrumentation. Although several reconstruction procedures have been reported,[@bib14], [@bib15], [@bib16], [@bib17], [@bib18], [@bib19] the use of an FFG plug shortens the operation time, reducing the risk of infection and the risk of aerosolization during the surgery.[@bib20] Specifically, the minimal intranasal submucosal dissection reduces the operative time and the risk of virus "aerosolization." In addition, the described FFG plug method does not require the placement of a mucosal pedicle flap, which also reduces the operative time and the risk of virus aerosolization.

An FFG plug is created as a free autograft. The fat (adipose tissue) and fascia can both be harvested from the abdomen. A piece of fat is wrapped with a seat of oxycellulose cotton, placed, and sewn on a free fascia graft using absorbable sutures. The piece of fat should be somewhat larger than the dural/bone defect that will be caulked with the FFG. The method of making an FFG is summarized in [Figure 4](#fig4){ref-type="fig"}. No special skills nor sophisticated instruments are required to perform the FFG plug method ([Figure 4](#fig4){ref-type="fig"}). This FFG plug method does not require the availability of sophisticated instruments to perform the surgical procedure, reducing the cost. Also, lumber CSF drainage tube is required, which will shorten the hospitalization period and associated medical costs. Appropriate discharge guidance has enabled us to remove the sinus balloon on an outpatient basis.

The key to successful management of CSF leakage is to precisely identify the site of the dural tear.[@bib21] ^,^ [@bib22] To help localize the site and extent of the leaks better, some investigators have advocated the use of intraoperative fluorescein.[@bib23] ^,^ [@bib24] In our patient, we applied intraoperative fluorescein near the site of the dural tear and defect and identified the CSF current or flow on the mucosa in the nasal cavity. Local application of fluorescein helped to better localize the site and the extent of the CSF leakage, although it was not administered intrathecally ([Figure 3B, C](#fig3){ref-type="fig"}).

Conclusions {#sec4}
===========

Endonasal endoscopic caulking of a skull base defect using an FFG plug is useful for controlling CSF leakage resulting from a localized skull base defect, especially during the COVID-19 outbreak because of its simplicity, with no requirements for special skills or sophisticated instruments. Intranasal local application of fluorescein aided in the detection of the direction of flow of the CSF leakage.
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